Over the past decade there have been several important advances in morphometrics, the biometric technology of shape measurement and shape analysis from biomedical images. Through a synthesis of tools from statistics, geometry, mathematical biology, image analysis, and computer graphics, we have learned how to formalize shape data without having to guess at size normalizations or at particular explicit parameterizations of shape, how to carry out rigorous, fully efficient multivariate analysis of those data, how to visualize findings from these analyses in easily legible diagrams superimposed over typical images, or how to use shape for effective unwarping and registration of images across specimens or conditions of observation, in order to extract even more information from their averages or trends. At the workshop I exemplified these themes in a grouped comparison of subcortical structures in certain parasagittal MR images between schizophrenics and normals. I emphasized the manner in which information flows back and forth between the neurological and the informatics sides of data sets like this-across the hyphen, so to speak, of the word ''neuro-informatics'' (hence the subtitle of the talk). There are four main themes to this strategy.
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SHAPE FROM SETS OF CORRESPONDING POINTS
For the full power of the morphometric synthesis to be brought to bear on a sample of neuroscientific images, the shapes in the images need to be measured jointly, not separately. The geometry of each one is best seen as a deformation of the geometry corresponding to any other, a deformation that is observed incompletely as the reconfiguration of a finite point set of ''fiducials.'' These configurations serve two roles in the synthesis. As objects of study, they conduce to statistical analysis of group differences and trends in shape; but, also, they serve as covariates that can be explicitly normalized by unwarping (a geometric manipulation, not a statistical one) so that studies of remaining image contents can be more precise or can demonstrate scientifically important patterns at a lower, less expensive sample size.
In one version of this approach, the fiducial points are landmarks, like ''tip of third ventricle'' or ''intersection of central sulcus and longitudinal fissure,'' that have agreed-on names and also reliable locations in each of the images of a sample. In other versions, a reference configuration, or atlas, is presented, perhaps the summary of some earlier sample, and points of anatomy are labeled according to the specific points of the atlas to which they seem best to correspond. There is also a hybrid in which the atlas and the labeling are computed at the same time by requiring the atlas to be the average of the labeled shapes it generates. Within the Human Brain Project, Alan Evans' and David Van Essen's projects, and also mine are exploring automated algorithms for the production of explicitly comparative shape representations in all these modes.
The schizophrenia data set of the lecture can be represented in various ways: using a system of subcortical landmark points, using a representation of the outline of the corpus callosum that established case-toaverage correspondences without landmarks, or as a hybrid. The findings were quite consistent among all these approaches.
THE PROCRUSTES CONSTRUCTION OF SAMPLE AVERAGE SHAPE
In ordinary language, ''shape'' is what remains of the information in an object or an image after information about location, orientation, and scale is set aside. Following some recent developments in mathematical statistics, we now know that there is a single natural way to discard that information in the context of an applied biostatistical analysis. First, consider one single pair of these sets of corresponding points, and imagine putting the picture of one down over the picture of the other after all possible combinations of shift, rotation, and rescaling. For one of these placements, the sum of squared distances between corresponding points will be least. One is to keep track of both this sum of squares, which is called the squared Procrustes distance between the two shapes, and the shift, rotation, and rescaling that combined to let us compute it.
For ordinary numbers, the average is the value that has the least sum of squared differences from all of the original numbers. With similar statistical rigor, the Procrustes average shape can be defined as the configu-NEUROIMAGE 4, S36-S38 (1996) ARTICLE NO. 0049 S36 1053-8119/96 $18.00
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